Key Summary Points {#FPar1}
==================

**Why carry out this study?**Ceftaroline fosamil is a β-lactam antibiotic with in vitro activity against methicillin-resistant *Staphylococcus aureus* (MRSA). The previously reported phase 3 CANVAS 1 and 2 program supported approval of the standard ceftaroline fosamil dosage regimen (600 mg 1-h IV infusions q12h) in patients with complicated skin and soft tissue infection (cSSTI). The phase 3 COVERS study subsequently demonstrated the efficacy and safety of a high dose regimen of ceftaroline fosamil (600 mg 2-h IV infusions q8h) versus vancomycin plus aztreonam in hospitalized patients with cSSTI and underlying co-morbidities.Exploratory analyses of the COVERS study, reported here, evaluated the length of stay in hospital and any time spent in the intensive care unit (ICU); a hypothesis was not pre-specified.**What was learned from the study?**In the overall COVERS study, high-dose ceftaroline fosamil was shown to be non-inferior to vancomycin plus aztreonam in the primary efficacy analyses, with comparable clinical cure rates at the test-of-cure (TOC) visit between treatment groups. Patients admitted to the ICU had signs of more severe disease than non-ICU patients, with some imbalances between treatment groups. Clinical outcomes at TOC in the ICU subset were broadly consistent with those in non-ICU patients, with wider confidence intervals for between-group differences reflecting the small numbers of patients in the ICU subset. There was no difference between treatment groups in the median hospital length of stay (LOS); however, ICU admission was an independent predictor for increased hospital LOS.Although patients admitted to the ICU in COVERS had more severe disease, clinical outcomes for ICU patients were generally similar to those in non-ICU patients. Within the ICU subset, median hospital and ICU LOS were shorter for ceftaroline fosamil (8 days) compared with vancomycin plus aztreonam (13 days) overall, and median ICU LOS was shorter for ceftaroline fosamil across all primary cSSTI diagnoses.

Introduction {#Sec1}
============

Complicated skin and soft tissue infection (cSSTI), also referred to as acute bacterial skin and skin structure infection (ABSSSI), which includes a broad range of acute and chronic skin conditions, such as secondary infections of diseased skin, surgical/other wound infections, cellulitis with/without abscess, necrotizing fasciitis, and myonecrosis, are collectively among the most common bacterial infections observed in hospitalized patients, and can be associated with significant morbidity and mortality \[[@CR1]--[@CR3]\] as well as patient admission to the intensive care unit (ICU) \[[@CR4]--[@CR6]\]. In a retrospective observational study (REACH), mean length of hospital stay (37.1 vs. 15.8 days), time to clinical stability (16.8 vs. 9.3 days), and total mortality rate (16.9% vs. 2.5%) were higher in patients with cSSTI admitted to the ICU than in those who were not, indicating the vulnerability of this patient subset \[[@CR7]\].

Typical treatment for cSSTI involves surgical intervention and broad-spectrum intravenous (IV) antimicrobials \[[@CR1], [@CR3], [@CR8]\]. Early surgical source control is a main determinant of outcome, particularly in more severe cases of cSSTI, and prompt and appropriate empiric antibiotic treatment contributes to reducing the morbidity and mortality associated with cSSTI \[[@CR1], [@CR8]\]. Gram-positive pathogens, including *Staphylococcus aureus* and group A streptococci, are frequent causes of cSSTI, but Gram-negative pathogens, such as *Escherichia coli* and *Pseudomonas aeruginosa*, as well as enterococci and anaerobic bacteria, may also be implicated \[[@CR2]\]. Adequacy of empiric antimicrobial therapy is challenged in many parts of the world by the prevalence of resistant Gram-positive pathogens, such as methicillin-resistant *S. aureus* (MRSA), which limits the available treatment options \[[@CR9]\].

Ceftaroline, the active form of the prodrug ceftaroline fosamil, is a cephalosporin with broad in vitro activity against Gram-positive bacteria, including MRSA, and common Gram-negative bacteria that do not express extended-spectrum β-lactamases (ESBLs). It is approved in Europe, the United States, and various other countries for the treatment of adults and children aged \> 2 years with cSSTI or community-acquired pneumonia (excluding pneumonia caused by MRSA) \[[@CR10]\]. The initial adult phase 3 cSSTI trials evaluated ceftaroline fosamil 600 mg every 12 h (q12h) versus vancomycin plus aztreonam \[[@CR11], [@CR12]\]. A subsequent multicenter randomized phase 3 trial (COVERS; NCT01499277) compared the efficacy and safety of ceftaroline fosamil 600 mg every 8 h (q8h) with vancomycin plus aztreonam for the treatment of hospitalized adult patients with cSSTI and extensive cutaneous involvement, including evidence of systemic inflammation or underlying comorbidities associated with impaired immune response \[[@CR13]\]. A small subset of patients in COVERS with severe disease were admitted to the ICU. Comparative data describing the clinical and disease characteristics of patients who were and were not admitted to the ICU in COVERS are presented here. In addition, exploratory analyses describing healthcare resource-related outcomes, including length of hospitalization and length of ICU stay, are discussed.

Methods {#Sec2}
=======

Study Design {#Sec3}
------------

The main methods and results of the COVERS study have been reported previously \[[@CR13]\]. In brief, patients aged ≥ 18 years with cSSTI and evidence of systemic inflammation and/or underlying comorbidities were randomized 2:1 to receive IV ceftaroline fosamil 600 mg (2-h IV infusions) q8h or vancomycin 15 mg/kg (2-h IV infusions) q12h plus aztreonam 1 g (30-min IV infusions) q8h for 5--14 days (for an overview of the study design, see Fig. S1). Patients with moderate renal impairment \[creatinine clearance (CrCL) ≥ 20 to \< 50 mL/min; estimated by the Cockcroft--Gault formula \[[@CR14]\]\] received an adjusted dose of study drug as determined by an unblinded pharmacist/staff member; patients with estimated CrCL \< 20 mL/min were excluded from the study. See Text S2 for a description of baseline assessments. The protocol was approved by each study site's independent ethics committees/institutional review board, and the study was conducted in accordance with the Declaration of Helsinki and the International Conference on Harmonization/Good Clinical Practice. All patients provided written informed consent.

Patients {#Sec4}
--------

cSSTI was defined as extensive cellulitis, major cutaneous abscess (limited to 30% of the trial population per the US Food and Drug Administration guidelines \[[@CR15]\]), burn infection, or traumatic/surgical wound infection with purulent draining, with a minimum surface area of 75 cm^2^. For study inclusion, infection was to be of sufficient severity to warrant hospitalization and ≥ 5 days of parenteral antibacterial therapy. Patients were also required to have one or more signs of systemic inflammatory response during the 24 h prior to first dose of the study drug (temperature ≥ 38.0 °C or ≤ 36.0 °C; white blood cells \> 12,000 cells/mm^3^, \< 4000 cells/mm^3^ or \> 10% band forms; heart rate \> 90 beats per min and respiratory rate \> 20 breaths per min after 10 min of rest) and/or one or more of the following underlying comorbidities associated with impaired immune response: diabetes mellitus requiring treatment with drugs; stage 2 or 3 human immunodeficiency virus (HIV) infection; chronic renal impairment (estimated CrCL ≥ 20 to \< 50 mL/min); cirrhosis; peripheral vascular disease; malnutrition; use of immunosuppressive agents; and malignancy (with the exception of non-melanoma skin cancers). Patients with systemic inflammatory response syndrome (SIRS), and those with severe sepsis were also eligible for inclusion. Patients were excluded from the study if they had signs of septic shock or if their body weight exceeded 130 kg. Concomitant systemic antimicrobial agents with potential efficacy in cSSTI were not permitted; patients who received systemic antimicrobials for \> 24 h within the 96 h prior to first study drug administration were excluded from the study. ICU admission was based on investigators' judgement of each patient's clinical condition as well as any relevant institutional guidelines or protocols; there were no study-specific criteria for ICU admission or targets for enrollment of ICU patients, and randomization was not stratified by treatment location.

Outcome Measures {#Sec5}
----------------

Clinical outcomes (see Table S3 for clinical response definitions) were assessed at end of treatment (EOT) and at a test-of-cure (TOC) visit (8--15 days after last dose of study drug) in the modified intent-to-treat (MITT) and clinically evaluable (CE) populations (see Table S4 for details of analysis populations). The between-group difference in clinical cure rates at the TOC visit was the primary efficacy outcome \[[@CR13]\]. Safety assessments included the incidence and intensity of adverse events (AEs), as well as physical examinations, vital signs, and clinically important changes in chemistry, hematology, and urinalysis laboratory values up to the late follow-up (LFU) visit (21--35 days after the final dose of study drug) \[[@CR13]\]. The location/ward of each patient was recorded daily. Healthcare resource utilization variables, including hospital length of stay (LOS) and ICU LOS during the first hospitalization, were assessed as exploratory objectives.

Statistical Methods {#Sec6}
-------------------

The main statistical methods, including non-inferiority assessments for the primary efficacy evaluation of clinical cure at the TOC visit, have been reported \[[@CR13]\]. Patient demographics and baseline characteristics data, and efficacy and safety results for the ICU and non-ICU subsets, were summarized descriptively. For the exploratory analyses, an unadjusted Kaplan--Meier survival function was used to measure the mean hospital and ICU LOS during the first admission, and LOS was compared between treatment groups using a Wilcoxon test. A Cox proportional hazards model was used to identify factors associated with increased hospital LOS using a generalized score test of chi-square test statistic.

Results {#Sec7}
=======

Patients {#Sec8}
--------

Overall, 802 patients were enrolled between May 2012 and June 2014, and 761 were randomized to receive ceftaroline fosamil (*n* = 506) or vancomycin plus aztreonam (*n* = 255) \[[@CR13]\]. Of the 761 randomized patients, 42 were admitted to the ICU prior to, or at the start of, study drug administration (ceftaroline fosamil, *n* = 32; vancomycin plus aztreonam, *n* = 10); reasons for all ICU admissions were related to the disease under study. Baseline and disease characteristics for ICU and non-ICU patients, including primary cSSTI diagnosis and comorbidities, are summarized in Table [1](#Tab1){ref-type="table"}.Table 1Baseline patient demographic and disease characteristics in ICU and non-ICU patients (MITT population)ParameterICU patients, *n* (%)Non-ICU patients, *n* (%)Ceftaroline fosamil (*n* = 32)Vancomycin + aztreonam (*n* = 10)Ceftaroline fosamil (*n* = 474)Vancomycin + aztreonam (*n* = 245)Mean (SD) age, years54.4 (17.1)64.1 (13.0)52.4 (16.5)53.2 (16.2)Sex, *n* (%) Male18 (56.3)6 (60.0)292 (61.6)142 (58.0)Primary cSSTI diagnosis, *n* (%) Cellulitis8 (25.0)2 (20.0)292 (61.6)134 (54.7) Traumatic or surgical wound infection4 (12.5)0 (0.0)59 (12.4)41 (16.7) Major cutaneous abscess0 (0.0)0 (0.0)103 (21.7)59 (24.1) Burn infection20 (62.5)8 (80.0)18 (3.8)10 (4.1) Other0 (0.0)0 (0.0)2 (0.4)1 (0.4)Median lesion size, cm^2^702.01327.0379.5375.0SIRS, *n* (%)8 (25.0)3 (30.0)191 (40.3)102 (41.6)Presence of bacteremia, *n* (%)3 (9.4)3 (30.0)15 (3.2)13 (5.3)Comorbid conditions, *n* (%) Diabetes mellitus2 (6.3)2 (20.0)82 (17.3)36 (14.7) Peripheral vascular disease2 (6.3)0 (0.0)25 (5.3)11 (4.5) Diabetes mellitus and peripheral vascular disease0 (0.0)0 (0.0)7 (1.5)3 (1.2) HIV infection0 (0.0)0 (0.0)6 (1.3)2 (0.8) Renal impairment1 (3.1)0 (0.0)14 (3.0)5 (2.0) Cirrhosis0 (0.0)0 (0.0)1 (0.2)2 (0.8) Malnutrition^a^1 (3.1)0 (0.0)4 (0.8)5 (2.0) Use of immunosuppressive agents^b^0 (0.0)0 (0.0)6 (1.3)4 (1.6) Malignancy other than non-melanoma skin cancers2 (6.3)0 (0.0)10 (2.1)5 (2.0)Elevated WBC (\> 12,000 cells/mm^3^), *n* (%)^c^10 (31.3)3 (30.0)145 (30.6)68 (27.8)Platelet levels, × 10^9^/L^d^ Mean (SD)269.1 (109.0)264.0 (87.7)261.4 (94.9)258.7 (115.5) Median (range)266.0 (140, 727)231.5 (177, 395)248.5 (49, 600)240.0 (9, 834)Creatinine levels, mg/dL^e^ Mean (SD)79.1 (27.0)83.5 (33.2)80.9 (36.6)77.4 (26.4) Median (range)75.0 (43, 150)75.5 (47, 131)74.0 (31, 376)73.0 (26, 284)Bilirubin levels, mg/dL^f^ Mean (SD)11.7 (8.4)10.3 (5.2)10.5 (7.4)10.7 (8.9) Median (range)10.0 (3, 39)8.5 (4, 22)8.0 (3, 55)8.0 (3, 68)Respiratory rate \> 20 bpm, *n* (%)^g^6 (18.8)1 (10.0)113 (23.8)56 (22.9)CrCL (mL/min), *n* (%)^h^ ≥ 20 to ≤ 30008 (1.7)1 (0.4) \> 30 to ≤ 504 (12.5)1 (10.0)27 (5.7)16 (6.5) \> 5027 (84.4)9 (90.0)426 (89.9)220 (89.8)Surgical intervention, *n* (%)1 (3.1)0 (0.0)11 (2.3)5 (2.0)Prior systemic antibiotics within 4 weeks, *n* (%)13 (40.6)2 (20.0)227 (47.9)114 (46.5)*bpm* beats per minute, *BMI* body mass index, *CrCL* creatinine clearance, *cSSTI* complicated skin and soft tissue infection, *HIV* human immunodeficiency virus, *ICU* intensive care unit, *MITT* modified intent-to-treat, *SD* standard deviation, *SIRS* systemic inflammatory response syndrome, *WBC* white blood cell^a^Defined as baseline albumin \< 0.25 g/L in the absence of liver disease or baseline BMI \< 17 kg/m^2b^Immunosuppressive agents taken for ≥ 7 days continuously prior to first dose^c^Data missing for two patients in the ceftaroline fosamil ICU group, 52 patients in the ceftaroline fosamil non-ICU group, and 30 patients in the vancomycin plus aztreonam non-ICU group^d^Data missing for two patients in the ceftaroline fosamil ICU group, two patients in the ICU vancomycin plus aztreonam group, 82 patients in the ceftaroline fosamil non-ICU group, and 48 patients in the vancomycin plus aztreonam non-ICU group^e^Data missing for 1 patient in the ceftaroline fosamil ICU group, 13 patients in the ceftaroline fosamil non-ICU group, and 7 patients in the vancomycin plus aztreonam non-ICU group^f^Data missing for 3 patients in the ceftaroline fosamil ICU group, 54 patients in the ceftaroline fosamil non-ICU group, and 28 patients in the non-ICU vancomycin plus ceftaroline fosamil group^g^Data missing for 7 patients in the ceftaroline fosamil non-ICU group^h^Data missing for 1 patient in the ceftaroline fosamil ICU group, 13 patients in the ceftaroline fosamil non-ICU group, and 8 patients in the vancomycin plus aztreonam non-ICU group

The mean (SD) ages of patients in the ICU and non-ICU subsets (MITT population) were 57 (16.6) and 53 (16.4) years, respectively. The majority of patients in both groups were \< 65 years of age \[64.3% (27/42) and 75.5% (543/719), respectively\] and male \[57.1% (24/42) and 60.4% (434/719), respectively\]. Among the 42 patients admitted to the ICU, the primary cSSTI diagnosis was burn infection in 66.7% (28/42) and cellulitis in 23.8% (10/42). In contrast, the most common primary cSSTI diagnoses in the non-ICU subset were cellulitis \[59.2% (426/719)\] and major cutaneous abscess \[22.5% (162/719)\]. Median baseline lesion size was 899 cm^2^ for the ICU subset and 376 cm^2^ for the non-ICU subset. Bacteremia was present in 14.3% (6/42) of patients in the ICU subset and 3.9% (28/719) of patients in the non-ICU subset, and SIRS was present in 26.2% (11/42) and 40.8% (293/719) of patients, respectively. Systemic antibiotics within the 4 weeks before starting the study were received by 35.7% (15/42) and 47.4% (341/719) of patients in the ICU and non-ICU subsets, respectively.

Within the ICU subset, there were notable imbalances between the ceftaroline fosamil and vancomycin plus aztreonam treatment groups in some baseline and disease characteristics (Table [1](#Tab1){ref-type="table"}). For example, burn infection was the predominant primary cSSTI diagnosis in both groups, but was more frequent in the vancomycin plus aztreonam group; bacteremia was also documented more frequently in the vancomycin plus aztreonam ICU group. In contrast, more than twice the proportion of patients in the ceftaroline fosamil ICU group (41%) had received prior antibiotics compared with those in the vancomycin plus aztreonam ICU group (20%).

Baseline Pathogens {#Sec9}
------------------

Pathogens isolated at baseline from ICU and non-ICU patients are shown in Table S5. Pathogens most frequently isolated in ICU patients (MITT population) included *S. aureus* (25 patients \[59.5%\], including 4 with methicillin-susceptible *S. aureus* and 21 with MRSA), streptococci \[5 patients (11.9%)\], and Gram-negative Enterobacteriaceae \[7 patients (16.7%)\]. No ESBL-positive organisms were identified in ICU patients. A similar baseline pathogen profile was observed in non-ICU patients, with *S. aureus* being the most commonly isolated (see Table S5); however, as would be expected for this much larger group, there was a wider and more diverse collection of pathogens in non-ICU patients, including some ESBL-positive Enterobacteriaceae isolates. Minimum inhibitory concentration (MIC) distributions for ceftaroline and vancomycin against MSSA and MRSA isolates from ICU and non-ICU patients available for susceptibility testing (see Figure S6) showed that all isolates were within current respective European Committee on Antimicrobial Susceptibility Testing and Clinical and Laboratory Standards Institute MIC susceptibility breakpoints \[[@CR16], [@CR17]\].

Clinical Outcomes {#Sec10}
-----------------

In the ICU subset, the median (range) durations of exposure to ceftaroline fosamil and vancomycin plus aztreonam were 7 (3--14) and 10 (5--14) days, respectively, in the MITT population, and 8 (3--14) and 10 (5--14) days, respectively, in the CE population. Corresponding values for the non-ICU subset were 8 (0--14) and 8 (0--14) days (MITT population), and 8 (2--14) and 8 (0--14) days (CE population). Clinical responses at the TOC visit (Table [2](#Tab2){ref-type="table"}) were comparable between treatment groups in non-ICU patients (both 79%). In the ceftaroline fosamil group, the clinical cure rate in the ICU subset (69%) was lower than for non-ICU patients. In contrast, for vancomycin plus aztreonam the clinical cure rate was higher in the ICU subset (90%) relative to non-ICU patients. Compared with non-ICU patients, the substantially wider 95% confidence intervals for the estimates of differences in clinical cure rate between treatment groups in the ICU subset in both the MITT and CE populations (Table [2](#Tab2){ref-type="table"}), reflect the much smaller sample size of the ICU subset.Table 2Clinical responses at the TOC visit in ICU and non-ICU patientsICU patients, *n*/*N* (%)Non-ICU patients, *n*/*N* (%)Ceftaroline fosamilVancomycin + aztreonamDifference (95% CI)Ceftaroline fosamilVancomycin + aztreonamDifference (95% CI)MITT population Clinical cure22/32 (68.8)9/10 (90.0)− 21.25 (− 42.24, 12.61)374/474 (78.9)193/245 (78.8)0.13 (− 5.98, 6.66) Clinical failure5/32 (15.6)1/10 (10.0)53/474 (11.2)33/245 (13.5) Indeterminate5/32 (15.6)047/474 (9.9)19/245 (7.8)CE population Clinical cure20/25 (80.0)8/9 (88.9)− 8.89 (− 31.90, 26.62)322/370 (87.0)172/202 (85.1)1.88 (− 3.85, 8.24) Clinical failure5/25 (20.0)1/9 (11.1)48/370 (13.0)30/202 (14.9)Clinical response at TOC is the derived overall response. Percentages are based on *N* (total number of patients in the treatment group). Confidence intervals were calculated using the Miettinen and Nurminen method without adjustments. If the lower limits of both CIs in MITT and CE analysis sets were greater than − 10%, then ceftaroline fosamil was considered non-inferior to vancomycin plus aztreonam*CE* clinically evaluable, *CI* confidence interval, *ICU* intensive care unit, *MITT* modified intent-to-treat, *TOC* test-of-cure

Safety Results {#Sec11}
--------------

An overview of AEs and serious AEs (SAEs) in ICU and non-ICU patients up to the LFU visit is shown in Table [3](#Tab3){ref-type="table"}. In the ICU subset, there were six SAEs in six patients (18.3%) in the ceftaroline fosamil group (one case each of myocardial infarction, pneumonia, abdominal infection, toxic epidermal necrolysis, peripheral arterial occlusive disease, and venous thrombosis), and one SAE in one patient (10.0%) in the vancomycin plus aztreonam group (one case of pulmonary embolism). Three of the SAEs in the ceftaroline fosamil ICU subset (myocardial infarction, pneumonia and abdominal infection) were reported to be of severe intensity. None of the reported SAEs in either treatment group in the ICU subset were considered by the investigator to be related to study treatment.Table 3Overview of adverse events in ICU and non-ICU patients (safety population)OutcomeICU patients, *n* (%)Non-ICU patients, *n* (%)Ceftaroline fosamil (*n* = 32)Vancomycin + aztreonam (*n* = 10)Ceftaroline fosamil (*n* = 474)Vancomycin + aztreonam (*n* = 245)Any AE16 (50.0)5 (50.0)216 (45.6)111 (45.3)Any AE causally related to study drug by investigator2 (6.3)1 (10.0)79 (16.7)41 (16.7)Any AE with outcome of death1 (3.1)02 (0.4)2 (0.8)Any SAE (including events with outcome of death)6 (18.8)1 (10.0)20 (4.2)12 (4.9)Any AE leading to permanent discontinuation of study treatment3 (9.4)029 (6.1)11 (4.5)Any AE of severe intensity3 (9.4)014 (3.0)9 (3.7)Patients with multiple AEs in the same category are counted only once in that category. Patients with AEs in more than one category are counted once in each category*AE* adverse event, *ICU* intensive care unit, *SAE* serious adverse event

Exploratory Healthcare Resource Use Analyses {#Sec12}
--------------------------------------------

In the overall COVERS study population, median (range) hospital LOS for both treatment groups in the MITT and CE populations was 11 days (MITT population: ceftaroline fosamil, 2--55 days; vancomycin plus aztreonam, 1--45 days; CE population: ceftaroline fosamil, 4--55 days; vancomycin plus aztreonam, 4--45 days) and there was no significant difference (*P* = 0.802 and *P* = 0.858, respectively) between treatment groups (Fig. [1](#Fig1){ref-type="fig"}a). The relationships between exploratory variables and hospital LOS (assessed by Cox proportional hazards model) are summarized in Table [4](#Tab4){ref-type="table"}. Of note, ICU admission (*P* \< 0.001) was a risk factor predicting increased hospital LOS in both the MITT and CE populations, as was the presence of comorbidities (*P* \< 0.001 and *P* = 0.003, respectively).Fig. 1Kaplan--Meier curves for **a** length of first hospital stay; **b** length of ICU stay.^a^ *CE* clinically evaluable, *ICU* intensive care unit, *LFU* late follow-up, *MITT* modified intent-to-treat. ^a^The length of first hospital stay is calculated as number of days from randomization until when the patient is no longer recorded as being in one of the hospital wards (including ICU) for the first admission. The length of ICU stay is calculated as number of days from randomization until when the patient is no longer recorded as being in ICU for the first admission. For patients who stay in hospital (including ICU) beyond the LFU visit, the length of stay is censored at the LFU visit. For patients lost to follow-up while in a hospital ward (including ICU), the length of stay is censored at the last recorded visitTable 4Cox proportional hazards model for analysis of length of first hospital stay (MITT and CE populations)Exploratory variablesMITT populationCE populationReference categoryCategories testedHazard ratio (95% CI)*P* valueHazard ratio (95% CI)*P* valueTreatment Vancomycin + aztreonamCeftaroline fosamil1.074 (0.919, 1.257)0.3681.098 (0.924, 1.305)0.288Age group  \< 65 years ≥ 65 years1.042 (0.875, 1.240)0.6470.968 (0.797, 1.176)0.746Gender FemaleMale0.958 (0.823, 1.115)0.5810.941 (0.795, 1.113)0.478Geographical regionEuropean UnionNorth America2.135 (1.626, 2.803) \< 0.0012.870 (2.055, 4.009) \< 0.001Other European1.137 (0.906, 1.429)0.2681.120 (0.877, 1.430)0.365Latin America1.161 (0.883, 1.527)0.2851.141 (0.848, 1.535)0.384Asia0.630 (0.503, 0.790) \< 0.0010.681 (0.534, 0.869)0.002Rest of the World1.856 (1.324, 2.603) \< 0.0011.776 (1.177, 2.681)0.006Presence of comorbiditiesNoYes0.736 (0.621, 0.873) \< 0.0010.752 (0.621, 0.910)0.003Hospital locationHospital wardICU0.389 (0.269, 0.562) \< 0.0010.376 (0.250, 0.566) \< 0.001Emergency room0.984 (0.716, 1.352)0.9210.721 (0.473, 1.099)0.128Cox proportional hazards model includes explanatory variables: treatment (ceftaroline fosamil or vancomycin plus aztreonam), age, group, gender, geographic region, presence of comorbidities, and hospital location*CE* clinically evaluable, *CI* confidence interval, *MITT* modified intent-to-treat, *TOC* test-of-cure

Within the ICU subset, median hospital and ICU LOS were shorter for ceftaroline fosamil (8 days) compared with vancomycin plus aztreonam (13 days) overall, and median ICU LOS was shorter for ceftaroline fosamil across all primary cSSTI diagnoses (see Fig. [1](#Fig1){ref-type="fig"}b, Table S7).

Discussion {#Sec13}
==========

This analysis summarizes the baseline characteristics and treatment outcomes by ICU admission status of patients enrolled in the phase 3 COVERS trial who were randomized to receive ceftaroline fosamil or vancomycin plus aztreonam. As might be expected, several differences between ICU and non-ICU patients were observed, reflecting greater disease severity in patients admitted to the ICU. Most notably, patients in the ICU subset presented with a greater median lesion size at baseline than non-ICU patients, which has been identified as a risk factor for more severe disease \[[@CR18]\]. Larger, rapidly progressing SSTI lesions typically require urgent management, monitoring and treatment \[[@CR18]\]. A greater proportion of ICU patients also had bacteremia. However, the incidence of SIRS in the ICU subset was lower than in non-ICU patients, and a greater proportion of non-ICU patients received prior systemic antibiotics within the 4 weeks prior to administration of study drug. Similar proportions of patients in the ICU and non-ICU subsets had comorbid conditions (\~26% vs. \~24%, respectively). These results are in contrast with other studies, which have demonstrated an increased rate of ICU admissions among patients with comorbid conditions. For example, a nationwide population-based study in Taiwan identified that multiple comorbid conditions were associated with an increased rate of ICU admission in patients hospitalized with cSSTI \[[@CR19]\]. Among comorbid conditions in patients assessed in the Taiwan study, diabetes mellitus was the most commonly identified \[[@CR19]\].

In line with the overall COVERS population \[[@CR13]\] and the non-ICU subset, the most frequently isolated pathogens from patients in the ICU subset included *S. aureus*, streptococci, and Enterobacteriaceae. These findings are consistent with other prospective clinical studies in patients with cSSTI or ABSSSI \[[@CR11], [@CR12], [@CR20]\] and retrospective epidemiological data \[[@CR7], [@CR21]\]. Ceftaroline fosamil and vancomycin plus aztreonam were highly active in vitro against the most common pathogens isolated from patients in the ICU subset. In the overall population, ceftaroline fosamil and vancomycin plus aztreonam also demonstrated in vitro activity against the most commonly isolated baseline pathogens, including both MSSA and MRSA \[[@CR13]\].

Unlike the overall COVERS study, and the much larger non-ICU subset, there were some imbalances in some patient and disease characteristics within the ICU subset which should be considered when interpreting the clinical outcomes. For example, in the vancomycin plus aztreonam group, patients were older, proportionally more patients presented with bacteremia at baseline, and median lesion size was almost double that in the ceftaoline fosamil group; a higher proportion of patients in the ceftaroline fosamil group received prior systemic antibiotics within the 4 weeks before first dose of study therapy. These differences, combined with the small sample size of the ICU subset, mean interpreting the results for median duration of antibiotic treatment and ICU LOS, which were shorter for ceftaroline fosamil than for vancomycin plus aztreonam (in contrast to median treatment duration and overall hospital LOS in non-ICU patients, which were similar between groups), is challenging. Nonetheless, clinical cure rates at TOC were generally favorable for ICU and non-ICU patients treated with ceftaroline fosamil or vancomycin plus aztreonam, and the frequency and severity of adverse events were also generally consistent between treatment groups and between ICU and non-ICU patients. As might be expected given the indicators of more severe disease in ICU patients, in the ceftaroline fosamil group, clinical cure rates at TOC were higher for non-ICU patients than for those in the ICU subset. In contrast, for vancomycin plus aztreonam, the opposite trend was observed, with higher cure rates in the ICU subset relative to non-ICU patients. These unexpected findings may reflect the baseline and disease imbalances between treatment groups in the ICU subset noted above; they also highlight the limitations of this analysis in terms of the small sample size of the ICU subset, which comprised \< 6% of the overall COVERS population.

There was no difference between treatment groups in the median hospital LOS (11 days in both the MITT and CE populations) in this analysis. However, ICU admission was a risk factor for increased hospital LOS. These findings are consistent with those of a retrospective observational study, in which patients with necrotizing fasciitis, abscess, or cellulitis had median ICU LOS of 8, 14, and 21 days, respectively \[[@CR22]\]. In the REACH study, median hospital LOS for patients admitted to the ICU was 25 days versus 11 days for patients not admitted to the ICU \[[@CR7]\].

Conclusions {#Sec14}
===========

In conclusion, patients with cSSTI admitted to the ICU in the phase 3 COVERS trial had baseline and disease characteristics reflective of more severe infection compared with non-ICU patients: more patients had bacteremia and burn infections, and median lesion size was larger. There were also notable differences between treatment groups within the ICU subset. Both ceftaroline fosamil and vancomycin plus aztreonam achieved favorable treatment outcomes in these more severely ill ICU patients, with a shorter ICU LOS for ceftaroline fosamil, although the small numbers of patients and baseline imbalances between groups limit the generalizability of the data. Further studies in the cSSTI ICU patient population are warranted to allow definitive conclusions.
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